The prevalence of gestational diabetes mellitus (GDM), defined as the onset or first recognition of carbohydrate intolerance in pregnancy, 1 is rapidly rising in the United States, with a 68% increase over the last two decades.
Due to the increased risk of abnormal glucose homeostasis, the American College of Obstetricians and Gynecologists and the American Diabetes Association recommend women with GDM undergo a 75-g, 2-hour oral glucose tolerance test (GTT) at 6 to 12 weeks' postpartum.
1 Women who screen positive for type 2 diabetes mellitus or impaired glucose tolerance are recommended further interventions for the management of hyperglycemia and prevention of complications. These important preventive strategies cannot be employed, however, if the postpartum test is not completed. Despite these recommendations for postpartum evaluation, overall adherence with postpartum GTT is poor. 7 Rates have been reported at approximately 40%, but can vary significantly with some reported rates as high as 84%. 8 Many different types of barriers to postpartum diabetes testing have been identified, including patient and provider characteristics; however, no clear or consistent correlation has been established with any one factor. 8, 9 Women who do not return for any postpartum care are unable to undergo testing, and thus return for a postpartum visit represents the first step in prevention of disease progression and optimization of maternal health.
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Therefore, this study aims to determine what patient and provider factors are associated with receipt of indicated postpartum care after a pregnancy complicated by GDM, with a focus on identifying areas for intervention in the care of patients with GDM. Specifically, the primary objective was to assess factors associated with follow-up for a postpartum visit and the secondary objective was to assess factors associated with completion of a postpartum GTT.
Materials and Methods
This was a retrospective case-control study of women diagnosed with GDM who delivered at Northwestern Memorial Hospital (January 2008-February 2016) and received care in one of the four large group practices. This cohort was chosen due to the availability of centralized outpatient electronic medical record and included patients cared for by generalist and subspecialist faculty physicians as well as resident/ fellow physicians with faculty supervision. Both prenatal care and management of GDM was performed primarily by the obstetric provider.
All women with a confirmed diagnosis of GDM were included in the analysis if their postpartum follow-up visit was scheduled at an eligible site. Women were excluded if they had a history of pregestational diabetes mellitus or delivered at an outside hospital. If a woman had multiple pregnancies complicated by GDM in the study period, only data for the index pregnancy were included. Women were included regardless of plurality and pregnancy outcome.
Analyses were performed both for (1) postpartum followup visit and (2) completion of postpartum GTT among those who followed up. First, for the primary objective, eligible women were assessed for return for a postpartum visit. Controls were defined as women who did not return for a recommended follow-up visit, and cases were defined as women who returned within 4 months of delivery. Four months was chosen to capture the majority of women who were returning for a follow-up visit related to the pregnancy while acknowledging that not all women return in the recommended 6 to 12 weeks' time period. Next, for the secondary objective, in the subgroup of women who returned for a postpartum visit, we assessed completion of a postpartum GTT. In this nested case-control analysis, controls were defined as women who did not complete a 2-hour GTT, and cases were defined as women who completed the test. Women who did not return for postpartum care were excluded from analysis for the secondary objective.
Finally, in the subgroup of women who returned for a postpartum visit, the reason for failure to complete a GTT was assessed. These reasons were classified as provider noncompliance if a GTT was never ordered (in the electronic medical record system) by the provider and patient noncompliance if an ordered GTT was not completed by the patient.
Medical records were abstracted for sociodemographic characteristics associated with barriers to care, including maternal age, race and ethnicity, primary language, and insurance status. We assessed care characteristics including resident and fellow involvement in care and whether the patient presented to care at one of the four sites after 24 weeks' gestation. Obstetrical history specific to GDM diagnosis was collected including method and timing of diagnosis and type of GDM management (diet-controlled vs. medication-requiring). Complications during labor and delivery which could also be associated with the likelihood of return for postpartum care including the route of delivery and whether the neonate was admitted to the neonatal intensive care unit were abstracted.
Cases and controls were compared in bivariable analyses using Student's t-test, χ 2 test, and Fisher's exact test as appropriate. Factors associated with postpartum follow-up (primary objective) with p < 0.1 were retained for consideration in the multivariable logistic regression model. In the subgroup of women who returned for follow-up, analyses were performed similarly for completion of postpartum GTT (secondary objective) and in the limited subgroup analysis evaluating the reason for GTT noncompliance. Analyses were performed with Stata, Version 14.0 (StataCorp, College Station, TX). All tests were two-tailed and p < 0.05 was used to define significance. Approval for this study was obtained from the Northwestern University Institutional Review Board.
Results
During the study period, 683 women met the eligibility criteria, and 82.0% of these (N ¼ 560) returned for a postpartum visit (►Fig. 1). Of the 560 women who returned for a postpartum visit, 49.8% (N ¼ 279) completed a 2-hour GTT. Thus, 59.2% (N ¼ 404) of the total study population did not complete a postpartum screening test.
Women who returned for a postpartum visit were more likely to be older, married, nulliparous, nonsmokers, and nonHispanic white or Asian. Women who returned were less likely to have Medicaid insurance, have delivered preterm, have presented late to care, or have received care in the clinic staffed by resident and fellow trainees (►Table 1). There was no difference in follow-up for a postpartum visit based on living distance from the clinic. In the multivariable regression model, Medicaid insurance, late presentation to care, and preterm delivery remained independently associated with decreased odds of follow-up while Asian race was protective (►Table 1).
In the subgroup of women who presented for postpartum care (n ¼ 560), women who completed a postpartum GTT were more likely to have Medicaid insurance, be non-English speaking, use tobacco, and have presented late to prenatal care. They were less likely to have been diagnosed with GDM diagnosis after 28 weeks (►Table 2). However, there was no difference in GTT completion based on the timing of followup for the postpartum visit. On multivariable logistic regression, Medicaid insurance and late presentation to care remained independently associated with improved odds of GTT completion and diagnosis of GDM after 28 weeks with decreased odds of GTT completion (►Table 2).
Nearly half (48.9%) of GTT noncompletion was due to provider noncompliance, and the remainder (51.1%) was due to patient noncompliance. The involvement of residents and fellows in patient care was associated with improved GTT completion as it significantly increased the frequency of a GTT being ordered (90.6% provider compliance among resident/fellows versus 65.4% provider compliance among nontrainees, p < 0.001). This association remained significant (adjusted odds ratio: 4.6, 95% confidence interval: 2.4-8.8) after controlling for confounders found to be significant in the bivariable analysis: maternal age, body mass index, race, marital status, late presentation, GDM type, and timing of GDM diagnosis. Payer status was not retained in the model due to collinearity with resident and fellow involvement. No other factors aside from trainee involvement were associated with odds of GTT being ordered.
Comment
Postpartum care for women with GDM represents a critical window of opportunity to screen for abnormal glucose homeostasis, counsel about lifestyle changes to reduce the risk of overt diabetes, and provide a smooth transition to long-term preventive health care. Despite the established importance of postpartum screening, 10 GTT completion rates remain suboptimal. 8 In this study, the majority (82.0%) of women with GDM returned postpartum, but over half (59.2%) did not receive the recommended GTT. Although this low rate of adherence was due in part to lack of presentation for the postpartum visit, it was primarily due to inconsistent completion of a GTT after presenting to care. We identified multiple patients and provider characteristics associated with lack of follow-up and GTT noncompliance and demonstrated that barriers to follow-up for a postpartum visit and barriers to GTT completion were not always the same. For example, public insurance and late presentation to care were associated with decreased odds of return for a postpartum visit, but improved odds of GTT completion if the patient did return. Prior studies have similarly demonstrated poor compliance with recommended postpartum screening after a pregnancy complicated by GDM. Our finding of a 40.8% GTT completion rate is comparable to published rates of 40 to 50%, 8, [11] [12] [13] suggesting this is an appropriate population to study to determine barriers to optimal care. A commonly cited reason for poor adherence to postpartum screening guidelines is the lack of return for a postpartum visit,
8,9,11
which is not unique to women with GDM.
14 After implementation of a program targeted at improving postpartum follow-up specifically for women with GDM, one Australian study noted an improvement in screening rate from 43.7 to 84.4%, 15 suggesting this could be a potential area for intervention. We identified multiple disparities in our population associated with lack of postpartum follow-up, including public insurance and late presentation to care. These findings have not been demonstrated previously, possibly due to small sample size and inadequate power to detect a significant difference, 6,16 but they suggest that these populations are important to target when designing interventions to improve postpartum follow-up. Even when the patient successfully returns for a postpartum visit, additional factors contribute to the suboptimal completion of the postpartum GTT. In the Translating Research Into Action for Diabetes (TRIAD) study, older age, a higher level of education, earlier GDM diagnosis, and medication requirement during pregnancy were associated with completion of postpartum diabetes testing. 11 Ferrara et al hypothesized these factors were associated with improved testing rates due to a heightened awareness of the GDM diagnosis and its potential long-term complications. Similarly, Dietz et al demonstrated that initiation of prenatal care in the first trimester, a sign of patient commitment to her own health care, is predictive of postpartum testing. 9 Our results support these studies as we demonstrate women who were diagnosed with GDM after 28 weeks were less likely to be adherent to the postpartum GTT. It is critical, however, to make the distinction between late diagnosis of GDM, due to noncompliance with prenatal care recommendations, and late presentation to care, due to barriers to accessing care. In contrast to the above findings, we found that women who presented late to care were less likely to return for a postpartum visit, but more likely to complete the postpartum GTT if they returned. Our results likely differ from prior work because our study design distinguished postpartum follow-up from postpartum GTT completion. 12 Furthermore, these results demonstrate the need to evaluate barriers to care at different points in the sequence of events preceding the postpartum screening test. Compliance with postpartum testing was also influenced by provider factors. Among women who did not complete a GTT, over half never had an order placed by their obstetric provider. Provider noncompliance has been demonstrated in multiple other studies and is thought to result from lack of communication between providers, lack of familiarity with testing guidelines, and variation in practice sites. 9, 17 Providers may assume that screening will be performed by a primary care provider, although our findings did not suggest that women were receiving a GTT ordered by other physicians in our health care system. We found that the involvement of obstetrics and gynecology residents or maternal-fetal medicine fellows, who might be more up to date on current recommendations, was associated with improved provider adherence to GTTscreening guidelines. This finding highlights the importance of ongoing education and reminders to providers of all levels regarding the benefits of screening during the postpartum encounter. The 
